We will study the AdS/CFT correspondence beyond its supergravity approximation by deforming an effective field theory on AdS by string length scale effects. We will explicitly show that the conformal dimensions of both the relevant and the irrelevant operators receive correction from these string theory effects going beyond its supergravity approximation. However, as is expected from the full string theory on AdS (not just its supergravity approximation) being dual to the N = 4 super-Yang-Mills theory, the conformal dimension of marginal operators do not receive any such corrections.
According to the AdS/CFT duality, superstring theory on AdS is dual to a superconformal field theory on its boundary [1] . Usually, the supergravity limit of this theory is studied, where the string theory on the AdS is approximated by its supergravity approximation. However, the duality states that the full string theory on AdS is dual to the N = 4 super-Yang-Mills (SYM) theory on its boundary. As string theory comes naturally equipped with a minimum length [2] - [4] , the effective theory on AdS will get deformed due to the existence of this minimum length and this will represent an effect beyond the supergravity approximation. This deformation will in turn affect the boundary field theory dual to it. Thus, in this paper we will first analyze the deformation of a scalar field in AdS by this string theory effect and then study the boundary field theory dual to it. We will observe that this string theory effect changes the conformal dimension of both the relevant and irrelevant operators. However, as is expected from the AdS/CFT correspondence, there will be no change in the conformal dimension of the marginal operators from such string theory effects.
The Polyakov action of string theory can be written as
where S f is the fermionic part of the string theory action, and the string tension 4πα ′ is equal to square of the string length. It is not possible to probe spacetime at distances smaller than this string length scale [5] . However, according to the usual Heisenberg uncertainty principle, the length can be measure with arbitrary precession, if the momentum is not measured. So, the usual uncertainty principle has to be generalized to account for the existence of a minimum measurable length [6] . Furthermore, it can be demonstrated that this generalized uncertainty immerses from a deformation of the Heisenberg algebra [7] . This deformation of the Heisenberg algebra causes a deformation of the first quantized momentum operators in the coordinate representation, and second quantization of such deformed theories has been performed [8] - [10] . Thus, following this logic, the action for the effective field theory of a scalar field in AdS can be written as follows [8] - [10] ,
where the derivatives in the kinetic term have been de-
because it is not possible to probe spacetime below the string length scale √ 4πα ′ [5] . So, this effective field theory action for a scalar field on AdS, up to order O(α ′ ), can now be written as (up to boundary terms)
The equation of motion for this scalar field is given by
where
is the usual Laplacian on AdS in the Poincaré patch,
It may be noted that the term 8πα ′ D 2 φ is generated by string theory effects going beyond its supergravity approximation. This term deforms the equation of motion of the scalar field in AdS into a fourth order differential equation. However, the extra boundary conditions needed for it are obtained by making the boundary terms appearing in the variation of the action vanish.
Now using the
and the ansatz f k (z) ≈ z ∆ , for solutions close to the boundary, we obtain the following equation
Here we have only kept the leading order terms near z = 0. As the complex roots give oscillatory solutions near the boundary and this in turn makes the action un-bounded, so we will only consider real roots for this equation. This motivates us to define ǫ(α ′ ) = 8πα ′ /L 2 as the dimensionless parameter governing the string theory correction beyond its supergravity approximation. Notice that ǫ(α ′ ) ≪ 1 in the regime where we can still trust the supergravity solution in the bulk. In order for (8) to have real roots, its discriminant Γ must be bigger than zero. The discriminant up to order ǫ(α ′ ), is given by
The condition Γ > 0 gives the usual Breitenlohner-
2 , one obtains the following result,
The condition Γ > 0 can now be expressed as
Thus, the condition Γ > 0 can be written as
(13) This is the modified BF bound due to the string theory effects in AdS beyond the supergravity approximation. Now, to the order ǫ(α ′ ), we obtain the following result
.
The correction to the lower bound implies that more tachyonic modes are allowed in AdS especially in the deep stringy regime ǫ(α ′ (1), it implies that the conformal dimension of the boundary operators are bounded from above. The roots of Eq. (8) can be explicitly written as
Near the boundary z = 0, a classical solution will behave as
(16) For the range of masses within the modified BF bound given by Eq. (14), we have ∆ 1 < ∆ 2 . Furthermore, both the roots ∆ 3 and ∆ 4 are non-analytic in ǫ(α ′ ). If we consider the boundary condition, A 1 (x) = A 3 (x) = A 4 (x) = 0, then the boundary behavior of φ(z, x) is determined by ∆ 2 and in this case the field φ(z, x) maps to a boundary operator with conformal dimensions ∆ 2 . It may be noted that, for m 2 = 0, we have ∆ 2 = d, i.e., the conformal dimension of the marginal operator dual to φ(z, x) does not receive string theory corrections up to any order in ǫ(α ′ ). One can easily check from the explicit formula of ∆ 2 , that ∆ 2 (m 2 = 0) = d to all orders in ǫ(α ′ ), i.e, the conformal dimension does not receive any string theory correction from effects beyond its supergravity approximation. This was expected to be the case since N = 4 SYM theory is conjectured to be dual to the full string theory in the bulk, and the CFT operator dual to a massless scalar φ(z, x) in the bulk is Tr(F 2 ), which is an exactly marginal operator in N = 4 SYM. In this paper, we have explicitly demonstrated that this result holds beyond the supergravity approximation. However, conformal dimensions of the irrelevant operators (m 2 > 0) and the relevant operators (m 2 < 0), on the boundary CFT, do receive string theory correction of order ǫ(α ′ ). We can repeat this analysis for the other fields in AdS and use it for studying AdS/CFT corresponding. We again expect that the marginal operators will not receive any string theory corrections. Finally, as N = 4 SYM is dual to the full string theory on AdS, supersymmetry of the boundary field theory dual cannot break by these string theory effects in the bulk theory.
